Island rodents are often larger and live at higher population densities than their mainland counterparts, characteristics that have been referred to as "island syndrome". Island syndrome has been well studied, but few studies have tested for island-mainland differences in stress physiology. We evaluated island syndrome within the context of stress physiology of white-footed mice (Peromyscus leucopus) captured from islands (n = 11) and mainland sites (n = 5) in Thousand Islands National Park, Ontario, Canada. Stress physiology was evaluated by quantifying corticosterone, the primary glucocorticoid (stress hormone) of rodents, from hair and its related metabolites from fecal samples. Whitefooted mice captured in this near-shore archipelago did not display characteristics of island syndrome, nor differences in levels of hair corticosterone or fecal corticosterone metabolites compared with mainland mice. We suggest that island white-footed mice experience similar degrees of stress in the Thousand Islands compared with the mainland.
221 likely that trap disturbance contributed to the high degree of variation in trapping success across 222 habitat types. 223 224 Relative abundance of mice did not differ between islands and the mainland 225 Contrary to expectations of the island rule, there was no difference in relative abundance of 226 island and mainland white-footed mice (Habitat: p = 0.667, Table 1 ). Relative abundance 227 differed between years; it was 44% higher in summer 2015 than in summer 2016 across both 228 habitat types (Year: p =0.012; Table 1 ). In 2016, in which we had data for both spring and 229 summer, relative abundance was 74% higher in the summer than the spring (Season: p = 0.033; 230 Table 1 ). Summer abundance of individual sampling sites was positively correlated between 231 years (n = 11, r = 0.852, t 9 = 4.87, p < 0.001; Figure 2 ). 232
Focusing only on island sites, there was no effect of island area (p = 0.603, Table 1 ) nor 233 distance from the mainland (p = 0.442) on relative abundance of white-footed mice. More 234 individuals were captured on islands in 2015 than 2016 (Year: p = 0.011). 235 236 Body mass did not differ between island and mainland mice 237 Contrary to expectations of the island rule, white footed mice from the Thousand Islands (n = 238 209) were not heavier than on the mainland (n = 92; Habitat: p = 0.804; Table 2; Figure 3 ), nor 239 did body mass differ between years (Year: p = 0.875). Male mice (n = 181; mean ± SD; 21.0 ± 240 3.7 g) were significantly heavier than females (n = 120; 20.2 ± 4.4 g) across habitat types (Sex: p 241 = 0.020); however, the average difference was less than 1 g, and the model had little explanatory 242 power (R 2 GLMM(M) = 0.02; R 2 GLMM(C) = 0.04; Table 2).  243 For island mice, there was no effect of island area (p = 0.476, Table 2 ) nor distance from 244 the mainland (p = 0.385) on mass, and these two variables did not interact to affect body mass (t 4 245 = 0.855, p = 0.436). Again, males were heavier than females on islands (Sex: p = 0.019); 246 however, this effect explained little variation in the model (R 2 GLMM(M) = 0.04; R 2 GLMM(C) = 0.04; 247 Table 2 ). 248 249 Hair corticosterone did not differ between island and mainland mice, but increased with 250 body mass 251 There was no difference between CORT hair of island (n = 188) and mainland (n = 82) white-252 footed mice (Habitat: p = 0.408; Table 3, Figure 3 ). Sex (p = 0.961), year of capture (p = 0.516), 253 and relative abundance (p = 0.384) also had no effect on CORT hair (Table 3) . However, CORT hair 254 increased with body mass (p < 0.01; Table 3 ; Figure 4 ), suggesting possible condition-255 dependence. There was a small effect size for this model, and the higher conditional R 2 GLMM 256 relative to the marginal R 2 GLMM indicates that the model had more explanatory power with the 257 addition of the random effect (sampling site, nested within habitat) than with fixed effects alone 258 (R 2 GLMM(M) = 0.05, R 2 GLMM(C) = 0.14; Table 3 ). This suggests that there was similarity among 259 individuals from the same sampling sites that was not explained by the fixed effects in the 260 model. 261
Focusing only on island mice, neither island area (p = 0.481, Table 3 ) nor distance from 262 the mainland (p = 0.609) predicted CORT hair levels. However, body mass continued to be a 263 significant predictor of CORT hair for the model testing only island mice (p < 0.01; Table 3 ). 264 265 Fecal corticosterone metabolites did not differ between island and mainland mice 266 There was no difference between CORT feces of island (n = 160) and mainland (n = 49) white-267 footed mice during the summer months (Habitat: p = 0.858; Table 4 ). Relative abundance also 268 had no effect on CORT feces (t 10 = 1.31, p = 0.218) and neither did body mass (t 20 = -0.511, p = -269 0.610) so both terms were removed from the final model. The final (reduced) model for 270 comparing CORT feces of island and mainland white-footed mice showed that male mice had 271 lower CORT feces than females (p = 0.049; Table 4 ; Figure 3 ), and that CORT feces was higher in the 272 summer of 2016 than summer 2015 (p < 0.001; Table 4 ).
273
There was no effect of either island area (p = 0.944, Table 4 ) nor distance from the 274 mainland (p = 0.632) on CORT feces (Table 4) . CORT feces levels were higher in 2016 than in 2015 275 (Year: p < 0.001), but unlike the model for the island-mainland comparison, there was no 276 difference between sexes for CORT feces (p = 0.132; Table 4 ). 277 278 Hair corticosterone levels were lower in spring than summer for females, but not for males 279 For CORT hair of white-footed mice collected in 2016 (n = 147), for which we had data from both 280 spring and summer, there was a significant interaction between sex and season (p < 0.01, Table  281 5). Although males had on average higher CORT hair than females (Sex: p < 0.001), female 282 CORT hair was lower in spring than in summer, while male CORT hair did not differ between 283 seasons ( Figure 5 ). This model had a greater effect size than other models of factors affecting 284 CORT hair (R 2 GLMM(M) = 0.22, R 2 GLMM(M) = 0.35; Table 5 ), indicating a relatively strong effect of 285 season on CORT hair for female white-footed mice. 286 287 Fecal corticosterone metabolites of both sexes were lower in spring than summer 288 To explore seasonal effects on CORT feces we focused on 2016, for which we had data from both 289 spring and summer (n = 71). Both sexes had lower CORT feces levels in spring than in summer (p 290 < 0.001, Table 6 ), but there was no difference between sexes (p = 0.168; Table 6 ). The 291 interaction between sex and season, that had influenced CORT hair levels, did not influence 292 CORT feces levels (t 63 = -1.423, p = 0.160) so it was dropped from the model. 293 294 Corticosterone in hair and related metabolites in feces were positively correlated 295 CORT hair values from all collected samples (n = 333) ranged from 5.1-398.6 ng/g, with a median 296 level of 79.8 ng/g. Values for CORT feces from all collected samples (n = 303) ranged from 30.5-297 1239.8 ng/g, with a median of 335.4 ng/g. A simple correlational analysis suggests CORT hair and 298 CORT feces of white-footed mice were significantly, although weakly, positively correlated (r = 299 0.16, t 178 = 2.196, p = 0.015; Figure 6) (Nupp & Swihart, 1996) differences among Peromyscus 322 populations to occur. There was also no effect of island area or isolation on body mass of white-323 footed mice. These negative results regarding patterns between body size and island 324 biogeography do not agree with results for other small mammals in the Thousand Islands. 325 Lomolino (1984) found that the body size of meadow voles (Microtus pennsylvanicus) and short-326 tailed shrews (Blarina brevicauda) in the Thousand Islands increased as distance from the 327 mainland increased. This pattern was attributed to the ability of larger individuals to cross greater 328 distances on ice during the winter, and subsequent founder effects of large individuals reaching 329 more distant islands (Lomolino, 1984) . The islands sampled by Lomolino might have been better 330 suited to investigating patterns related to isolation because they were less closely clustered 331 together than those that we sampled. The clustered nature of many of the islands in our study 332 makes their true degree of isolation difficult to determine. 333
On average, we found that male white-footed mice in the Thousand Islands were heavier 334 than females; consistent with data from laboratory raised white-footed mice (Dewsbury et al., 335 1980). Greater male body mass has also been found for deer mice collected in the field (Schulte-336 Hostedde, Millar & Hickling, 2001). Male-biased sexual size dimorphism is widespread in 337 mammals (Isaac, 2005) , and often explained by sexual selection favouring large male body size 338 through competition between males for access to mates (Trivers, 1972) . 339 340 No difference in CORT levels between island and mainland mice 341 We predicted that white-footed mice on islands would have lower CORT hair and 342 CORT feces levels than mainland mice, however these predictions were not supported. There was 343 also no effect of island size or distance from the mainland on CORT levels. This result may not 344 be surprising, given that we found no evidence of island syndrome in white-footed mice. The 345 lack of an island effect on any of these characteristics in the Thousand Islands suggests either 346 that island white-footed mice experience similar stressors and pressures to mice on the mainland, 347 or that there is a high degree of gene flow between island and mainland white-footed mice. 348 Either of these explanations could be caused by the short distances between islands and from the 349 islands to the mainland, and the freezing of the river in the winter.
350
High gene flow among islands and the mainland in the Thousand Islands could be 351 attributed to the ability of white-footed mice to swim short distances or cross ice in the winter 352 (Lomolino, 1989) , and to disperse via transport onboard boats. Despite these dispersal 353 mechanisms, genetic dissimilarity between Peromyscus populations can occur at short distances 354 (< 500 m from mainland or large island) in other freshwater archipelagos ( The proximity of these islands to the mainland, and to one another, may mean that insular 361 white-footed mice experience similar levels of inter-specific competition to mainland mice. 362 Although the diet of white-footed mice is based primarily on insects, they also forage heavily on 363 seeds (Manson & Stiles, 1998) . Release from competition with larger granivores, such as squirrel 364 species (Sciuridae), could result in increased body size of Peromyscus (Nupp & Swihart, 1996) . 365 However, we caught red squirrels (Tamiasciurus hudsonicus) and flying squirrels (Glaucomys 366 spp.) on near-shore islands (Constance and Georgina), and observed grey squirrels (Sciurus 367 carolinensis) on more isolated islands (McDonald and Thwartway; N. Stewart, Personal 368 Observation). Although we did not catch eastern chipmunks on any islands, they have previously 369 been caught on islands in the archipelago (Werden et al., 2014) . Given the presence of other 370 small mammal species, release from competition might not be a factor on these islands. 371
The proximity of these islands to shore might cause equal predation risk on the islands 372 and the mainland. Small terrestrial predators, such as weasels (Mustela spp.), might occur in low 373 numbers on some of the islands (Grenadier Island; Werden et al., 2014), however, avian 374 predators can readily access islands to prey on mice. Coyotes (Canis latrans), red foxes (Vulpes), 375 and raccoons (Procyon lotor) also inhabit or periodically forage on islands by crossing ice in the 376 winter (Coleman, 1979 In American pika (Ochotona princeps), hair CORT was strongly influenced by body size 392 (measured by cranial diameter; Waterhouse et al., 2017), but in the opposite direction compared 393 to white-footed mice. Larger American pikas had lower hair CORT, which the authors attributed 394 to the negative relationship between mass-specific metabolic rate and GCs (Haase, Long & 395 Gillooly, 2016). The conflicting directionalities of relationships between hair CORT and body 396 size for small mammals demonstrate the need for more studies concerning internal factors 397 affecting hair GCs. 398
Hair GC levels are an integrative measure of HPA activity, because they will reflect both 399 an individual's phenotype related to their baseline GC levels (Fairbanks et al. Seasonal differences in GC levels are common among vertebrates (Romero, 2002) . 412 CORT feces levels of white-footed mice of both sexes were higher in the summer than the spring 413 (Table 6 , Figure 5B In contrast to data for CORT feces , only female white-footed mice showed seasonal 418 variation in CORT hair, , increasing from spring to summer (Table 5, Figure 5A ). The contrasting 419 sex-specific results between CORT feces and CORT hair patterns are likely the result of the two 420 measures differing in their representative time-scales of CORT secretion (Mastromonaco et al., 421 2014). Sex differences in GC levels between seasons occur in other wild rodents and are 422 attributed to interactions between GCs and sex hormones, and differences in parental behaviour 423 (Romero et al., 2007; Schradin, 2008 ; Bauer et al., 2014). Seasonal differences could be 424 attributed to decreased CORT during pregnancy in the spring, elevated CORT in response to 425 lactation during the summer (Reeder & Kramer, 2005) , and/or increased aggression among 426 territorial females when population density increases during the summer (Wolff, 1993) . 427 Currently, we cannot distinguish these possibilities. However, the contrasting results between 428 sexes shown for CORT feces and CORT hair emphasize the importance of considering the timeline 429 represented by the sample material. 430 431
CONCLUSIONS

433
Local populations of white-footed mice in the Thousand Islands did not differ 434 systematically in their abundance, body mass, or hair and fecal GC levels, compared with white-435 footed mice on the nearby mainland. We suggest this may be due to the relatively short distances 436 between the islands and the mainland, the clustered nature of the islands, and that the St. 437 Lawrence River freezes during the winter allowing for possible movement of mice and predators 438 between islands and the mainland. Because we found no island-mainland differences in either 439 body mass or GCs, our results leave open the possibility that on more isolated islands, where the 440 community structure is distinctly different from mainland habitats, decreased interspecific 441 competition and predation may cause changes in the stress physiology of rodents. However, such 442 studies would need to account for the many variables (temperature, precipitation, and day length) 443 that differ between more distantly-spaced island and mainland habitats. Although our initial 444 predictions were not supported, our incidental findings of a relationship between body mass and 445 CORT hair Factors predicting relative abundance of white-footed mice captured over two consecutive years.
Linear-mixed effects models were used for analysis (random effect: sampling site, nested within habitat type) of variation between island and mainland sites, and among islands in response to geographic variables. Marginal (M) and conditional (C) pseudo R 2 (R 2 GLMM ) values are provided. Models were reduced by removing all non-significant two-way interactions. 3 Linear-mixed effects models were used for analysis (random effect: sampling site, nested within 4 habitat type) of variation between island and mainland sites, and among islands in response to 5 geographic variables. Marginal (M) and conditional (C) pseudo R 2 (R 2 GLMM ) values are 6 provided. Models were reduced by removing all non-significant two-way interactions. Hair corticosterone (CORT hair ) levels increased with body mass in white food mice captured over two years in the Thousand Islands National Park, Canada.
Data were ln transformed.
Figure 5(on next page)
Seasonal variation in (A) hair corticosterone (CORT hair ), and (B) fecal corticosterone metabolites (CORT fecal ) from white-footed mice captured in spring and summer, 2016.
Females had lower hair corticosterone levels in the spring (May-June) than in the summer (July-August) (sex*season interaction; p < 0.001; A), while both sexes had lower fecal corticosterone metabolites in spring than summer (p < 0.001; B).
